Premature control potentials in the dog stomach and in the gastric computer model. Am oscillators to model the electrical control activity in the small intestine was first shown by Nelsen and Becker (6) . More elaborate models of this activity have since been developed by Diamant et al. (3) and by us (7). We have also shown that the gastric electrical control activity (also known as slow-wave activity, pacesetter activity, and basic electrical rhythm (4, 5, 9)) behaves as if it originates from an array of bidirectionally coupled relaxation oscillators (8). A computer model of this activity was described in a previous communication (8) . The model showed intact and intrinsic (uncoupled) frequency gradients and a phase lag pattern similar to those observed in anesthetized dogs. The present communication is an extension of these studies. In particular, the initiation and propagation of premature control potentials (PCP) in the dog stomach and in the computer model are described and compared. The refractory properties of the relaxation oscillators representing the gastric electrical control activity (ECA) and the effects of the occurrence of electrical response activity (also known as action potentials and fast activity) on control activity are also discussed. The results constituted a further test confirming the applicability of the model to describe additional features of the electrical control activity of the stomach.
METHODS AND MATERIALS
Animal studies. Healthy female dogs weighing 10-20 k(: were used in all experiments.
A mixture of chloralose (2 '? 1 and urethan ( 10 %), 3 ml/kg iv, was used to anesthetize, the dogs. Subsequent to this, sodium pentobarbital (60 1112 each time) was given intravenously if needed. The dog> were fasted for 24 hr before the experiment.
Access to the abdominal cavity was obtained by a mitfline opening from the xiphoid process to about 4 cm belo\\ the umbilicus and by an additional incision below the rib cage from the midline to the left flank. The gastroepiploic artery, or branches of the left gastric artery, were cannulatcd as previously described Each cycle was toll sidered to start at the beginning of the dominant deflt>cT tion (shown by arrow in Fig. 1 A) The premature control potentials in the model were initiated by applying pulses of duration 0.5 or 1.0 set at the inputs to oscillators.
The time of onset of each pulse \vas measured from the preceding positive-going zero cross- The term propagation is used to imply the phenomenon between an acetylcholine injection and the production of a PCP was negligible.
in which the occurrence of a control potential (normal or premature)
causes control potentials to be initiated in the neighboring oscillators. The effect of the occurrence of electrical response activity was studied in the model by feeding in bursts of pulses at different phases of the control wave cycle (pulse frequency 10 Hz, pulse width 30 msec, burst duration l-4 set).
RESULTS
Animal studies. The arrangement of electrodes on the stomach is shown in Fig. 1B . Acetylcholine was injected at different phases of various cycles to test the ability of the muscle oscillators to respond with a premature control potential.
Two kinds of responses to intra-arterial injections of acetylcholine were observed, depending upon the phase of the cycle at which the injection was made: I) if acetylcholine was injected in an early phase of the cycle (O-50 % of the period of the cycle), electrical response activity (ERA) consisting of spikes or a prolonged negativegoing deflection occurred; 2) if acetylcholine was injected in the later phase of the cycle (50-100 % of the period of the cycle), a premature control potential occurred. The division of the cycle into two phases was approximate, for they overlapped by 5-10 % in various experiments. The earliest that a PCP could be produced in the seven dogs was at 41.7 % of the period of the cycle. Increasing the dose of acetylcholine injections to 0.5 pug (usual dose 0.1 ,ug) in the early phase (less than 40 % of the period of the cycle) abolished the electrical activity of that region and also of the distal regions for periods of up to 2 min. Presumably the muscle was depolarized. Acetylcholine was injected on the greater curvature side in five dogs and on the lesser curvature side in two dogs. The results of an experiment on one dog are shown in Table  1 , and those of all of the tests in five dogs are shown in Table 2 . The PCP was usually produced in the 65-80% phase of the cycle. Propagation of the PCP occurred more often distally than proximally.
The proximal propagation was usually up to a distance of 2 cm or so. In a few cases (five in five dogs), the proximal propagation was up to a distance of 4 cm, and in one case it was up to a dis ante of 6 cm.
The occurrence of a PCP and its spread is shown in Fig.  3A . Acetylcholine was injected in the region of electrode 4. In the proximal direction, the propagation of the PCP was to the region of electrode 5 and in the distal direction to the region of electrode 2. When the PCP arrived in the region of electrode 6:, a normal control potential (NCP) had already been initiated, and the oscillator was in an absolutely refractory state with respect to the ECA (see later) ; there was no further propagation in the proximal direction. Figure  3B shows the delay produced in the cycle when acetylcholine was injected in an early phase of the cycle in which the oscillator was in an absolutely refractory state. Response potentials were produced at electrodes 2, 3, and 4, and a pre- Table 2 ). Whenever propagation of a PCP occurred in the distal direction, it also occurred iu the direction of the lesser curvature. The propagation of a PCP from the lesser curvature t(; the greater curvature was studied in two dogs. When ;I PCP was produced on the lesser curvature, propagation 10 the greater curvature was observed. However, when acetyl choline was injected from the lesser curvature side, tllci perfused area often extended to the midline between t/1(* greater and lesser curvatures (hatched area in Fig. 1 ). This gave rise to the possibility that the PCP that was observcitl at the greater curvature might have been initiated on thck midline instead of on the lesser curvature. Propagation 01 the premature control potentials produced on the lessclr curvature occurred proximally and distally as descrihui before.
Gastric electrical control activity was not normallv found in the regions near the lesser curvature in the body (;I the stomach of fasted dogs. However, when acetylcholiIlch was injected, they showed control potentials (Fig. 4) . Thk suggested that the cells in this region are potential ox4 lators. They can be made to oscillate with an extern~~i stimulus or when more strongly coupled to other oscillators Figure  4 shows curvature. Propagation of the PCP produced by the second irljection did not occur.
Computer model. Premature control potentials at the output of an oscillator in the model were produced by applying a ijulse of duration 1 set and amplitude 60 v at the input to /*hat oscillator.
The pulse was applied at different phases of the control wave cycle. The earliest that a PCP could be IJroduced was at 75 % of the period of the control wave cycle. Yremature control potentials were observed in oscillators 2-5 md 10-13. The results of producing premature control 1,otentials at the output of oscillator 4 are summarized in I'able 3.
Application
of an input pulse up to 50 % of the period of the cycle had no effect on control waves. Application of an input pulse at 7 and 8 set (58.3 and 66.6% of the period of the cycle) after the beginning of the cycle delayed the occurrence of the next control potential in oscillators 3-6, IO, and II (Fig. 54 , whereas at 9 and 10 set (75 and 83.3 % of the period of the cycle) a PCP was produced and propagation occurred proximally, distally, and sidew ise (Fig.  5B) . Application of an input pulse at 11 set (9 1.6 % of the period of the cycle) after the beginning of the control wave cycle produced a PCP, and propagation occurred distally and sidewise. Similar results were obtained when input pulses were applied to osdators 2, 3, and 5.
Propagation of premature control potentials produced at the output of oscillator 10 did not occur in any direction. Pulses applied at inputs of oscillator 12 or 13 which lengthened the time period of these oscillators (see Fig. 5A for oscillator 4) did not affect the time periods of other oscillators. Propagation of premature control potentials produced at the output of oscillator 12 to oscillators 7 and I was observed. These premature control potentials were produced by applying pulses at 10 and 11 set (83.3 and 91.6% of the period of the cycle) after the beginning of the cycle. Similarly, propagation of the premature control potentials produced at the output of oscillator 13 (pulses applied at 10 and 11 set) to oscillators 1.2, 8, 7, 2, and I was noted.
The refractoriness and threshold properties of the oscillators were studied by applying a pulse of width 0.5 set at various phases of the control wave cycle. The following observations were made: I) at every phase of the cycle (after repolarization), a threshold value of the input pulse amplitude existed that could produce an output response of amplitude comparable (within 10 %) with a normal control potential; 2) in the early phase of the control wave cycle, the output response lasted only as long as the input pulse. This response was not considered to be a premature control potential, as its duration was directly determined by that of the input signal and not by the characteristics of the oscillator to which the signal was applied. This phase of the cycle was called absolutely refractory.
In the later phase of the wave cycle, the shape and duration of the output response was the same as that of a normal control potential. This response was called a premature control potential, and this phase of the cycle relatively refractory. The change in the characteristics of the output response was gradual (transition period lasted for 1-2 set; during this period, the duration of the output response was more than the input pulse width but less than the duration of a normal control potential).
The relatively refractory phase was considered to start when the width of the output response was twice the width of the applied pulse, which was 0.5 sec. This definition was chosen for convenience and was arbitrary otherwise.
The refractory curve of an oscillator (of frequency 3.5 cycles/minute) showing threshold voltages necessary to produce responses at various phases of the cycle is shown in Fig. 6A (curve 1) . When an oscillator was coupled with another, its refractoriness (voltage to initiate a PCP) increased. Figure  6A shows the refractory curves when different numbers of oscillators (all at 3.5 cycles/min) were coupled with a coupling factor of 0. Fig. 7, A, B , and C, respectively.
When 1 ht. oscillators were coupled, not only the threshold values ill creased, but also the absolutely refractory phase of th period was lengthened.
Increasing the value of the coupling factor had similar effects. The refractory curves for the a~' rangement of oscillators shown in Fig. 7C but with differellr coupling factors are shown in Fig. 6B . The threshold values and the length of the absolutely 1~ fractory part were reduced if the input pulse was applichtl simultaneously at the inputs of several oscillators instead of at the input of one oscillator. Figure 6C shows the thresh&l values when the pulse was applied to oscillator I of Fig. 7 (, (curue 1) and when it was applied simultaneously to osd lators I, 2, and 3 of Fig. 7C (curve 2) .
Efect of the occurrence of response activity on control activity, The response activity in the antrum of the dog usuallv co;l sists of bursts of spikes. The effect of the occurrence'of 1'~ sponse activity on the control activity was studied in t tu: model by applying bursts of pulses (10 Hz; pulse durations 30 msec) at the input of an oscillator.
The bursts of pulsc~~ were applied at different phases of the ECA cycle in oscii Zator 4. Only if the pulses were applied just before the w currence of a normal control potential was there any effec*t In this case, the control potential in that oscillator was produced slightly prematurely.
This was probably due to th minimum refractoriness of the oscillator in this phase. T11cx advancing of control potential was, however, not enougtl so as to significantly alter the phase relationships with othct oscillators.
In the fasted dogs, the spikes usually occur in :I II early phase of the cycle and were observed not to afl'ec.1 control activity. Figure 8 shows the case when the response activity was applied at 3 set (measured from the preceding positive-going zero crossing of the control wave). The dural tion of response activity was 2.0 sec.
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